Introduction
Ternary compounds Ce-T-Si (T is one of the late transition metals) have been known for their interesting physical properties, such as heavy fermion and unconventional superconductors, 1, 2 Kondo-behaviour and quantum criticalities, 3 intermediate 5 valency, 4 thermoelectric features, 5 etc. Most ternary Ce-T-Si systems have been explored, 6 except for group 12 elements (Zn, Cd, Hg). The high vapor pressure of these metals complicates sample preparation, and requests careful control of compositions. Therefore conventional preparation methods such as arc melting 10 or induction melting in open crucibles cannot be used. However, a few investigations were already concerned with the Ce-Zn-Si system. Kido et al. 7 reported paramagnetism and metallic behavior of REZnSi compounds (RE = Ce, Nd, Sm, Gd, Tb, Ho) in the temperature range of 77-300 K. Recently, phase equilibria 15 for the Ce-Zn-Si system have been derived at 800°C by Malik et al. 8 and revealed the existence of 4 ternary compounds, labeled as τ 1 to τ 4 . Whilst the crystal structures of τ 1 and τ 2 and their Lahomologues have been elucidated from single crystal X-ray data, the crystal structures of the other compounds remained 20 unresolved. A recent study of RE 7 Zn 21 Tt 2 -phases (Tt is a tetrel element) by Nian-Tzu Suen and Bobev 9 , prompted among other rare earth elements (La-Nd) the formation of novel cerium compounds Ce 7 Zn 21 {Ge,Sn,Pb} 2 crystallizing with the structure type first determined by Malik et al. 8 for {La,Ce} 7 Zn 21 (Zn 1-x Si x ) 2 . 25 In their latest publication, they also investigated the single crystals of {Ce-Pr} 7 Zn 21 (Zn 1-x Six) 2 and their magnetic properties. 10 Their result, especially on the crystal structure of Ce 7 Zn 21.95 Si 1.05 confirms the work of Malik et al. 8 The absence of ternary compounds in the Ce-poor part (< 33 at.% 30 Ce) of the isothermal section Ce-Zn-Si seems unusual, particularly ternary compounds with ThCr 2 Si 2 structure or derivative types are encountered in most Ce-T-Si systems (T is a transition metal from Cr to Cu). 11 Therefore also the possibility of compound formation at lower temperature needs to be explored. 35 Indeed the investigation of the Zn/Si-rich part of the Ce-Zn-Si phase diagram at 800°C 8 revealed hints for a ternary compound (labelled as τ 5 ) with composition close to Ce(Zn 1-x Si x ) 3 ; x≈0.5. Our further attempts to investigate this phase at 700°C prompted another ternary compound (labelled as τ 6 ) with composition of 40 Ce 20 Zn 53 Si 27 , which is also formed from the melt. An electron count on τ 5 -CeZn 1.5 Si 1.5 , considering the valencies of Ce = +3, Zn = +2 and Si = -4 yields balanced electronic charges suggesting a Zintl behaviour interesting for thermoelectric application. Therefore this work focuses on the investigation of phase 45 equilibria and crystal structures of τ 5 and τ 6 , as well as their mechanism of formation and stability. Furthermore the magnetic ground state of cerium in these compounds was of interest. Particularly the small amount of tetrel elements (Tt) to stabilize {La,Ce} 7 Zn 21 (Zn 1-x Tt x ) 2 was investigated by DFT calculations for 50 Tt=Ge to get insight into the electronic DOS, bonding behavior and ground state energies of hypothetical binary Ce 7 Zn 23 in comparison with ternary Ce 7 Zn 23-x Ge x (x=0.5, 2).
Experimental Methods and Density Functional Theory Calculation

55
Most samples were prepared by mixing and cold pressing proper blends of ball milled powders of CeSi x master alloys with Zn filings inside an Ar filled glove box. Master alloys CeSi x were prepared by argon arc melting of Ce and Si pieces on a watercooled copper hearth with a tungsten electrode, while Zn filings 60 were prepared from purified Zn drops. Samples in the Zn-rich corner were then sealed under vacuum or argon and annealed at 600°C for 4 to 14 days. Samples with low Si(Ge) content (close to binary Ce-Zn) were prepared in a different way. Ce filings, Zn filings, and Si(Ge) powder were mixed in proper ratio, cold 65 pressed, sealed and then subjected to the same heat treatment. All starting materials had a purity of better than 99.9 mass%. After heat treatment, samples were quenched by submersing the quartz capsules in cold water and analyzed by X-ray powder diffraction with Ge-monochromated CuKα 1 -radiation employing 70 a Guinier-Huber image plate recording system. X-ray powder diffraction analyses were performed via Rietveld refinement using the FULLPROF program. 12 Precise lattice parameters were determined referring to Ge as internal standard (a Ge = 0.565791 nm). Special treatments were needed to prepare samples for 75 Electron Probe Microanalysis (EPMA) due to their powder-like consistency. Coarse powders of samples were mixed and cold pressed with fine powders of conductive resin in a small steel die (5-6 mm in diameter) prior to hot compacting them together into a coarse powder/granule of conductive resin. Samples were 80 ground and polished under glycerin in order to avoid oxidation and/or hydrolysis. Microstructures and compositions were examined by light optical microscopy (LOM) and scanning electron microscopy (SEM) and EPMA on a Zeiss Supra 55 VP equipped with an energy dispersive X-ray analysis (EDX) 85 detector operated at 20 kV. Single crystals of τ 5 and τ 6 were grown from Zn flux. Powders of a multiphase alloy with nominal composition Ce 20 Zn 50 Si 30 were mixed and cold pressed with Zn filings in a weight ratio of 1:45 and 1:57 for τ 5 and τ 6 , respectively. The sample billets were 90 sealed under vacuum in quartz capsules, heated to 800°C, kept at this temperature for 1 hour, and were then slowly cooled with a rate of 6°C/h to 735°C and 670°C for τ 5 and τ 6 , respectively. After quenching in cold water, the Zn flux matrix was dissolved in cold diluted HCl. 2 heating the pellet to 600°C at 60°C/h, keeping this temperature for 12 hrs, followed by further heating to 900°C at a rate of 600°C/h, resting at this temperature for 30 minutes, and then slowly cooling to 800°C at a rate of 5 6°C/h. Single crystals were then mechanically isolated and selected from the crushed regulus. Inspections on an AXS D8-GADDS texture goniometer assured high crystal quality, unit cell dimensions and Laue symmetry of the single crystal specimens prior to X-ray intensity data 10 collections at room temperature on a Bruker APEXII diffractometer equipped with a CCD area detector and an Incoatec Microfocus Source IµS (30 W, multilayer mirror, Mo-K α , λ = 0.071069 nm). Orientation matrices and unit cell parameters were derived using the Bruker APEXII software 15 suite. 13 No additional absorption corrections were performed because of the rather regular crystal shapes and small dimensions of the investigated specimens. The structures were solved by direct methods (SHELXS-97) and were refined with the SHELXL-97 14 program within the Windows version WINGX. 15 20 Crystal structure data were standardized using program STRUCTURE-TIDY. 16 In order to investigate the thermal stability of τ 5 and τ 6 and to determine the corresponding ternary reaction isotherms, DTA measurements were performed using a µm inside the glove box and were then cold compacted in a steel die (diameter=10 mm). The pellets were dry-cut into several pieces and sealed in quartz tubes under about 300 mbar Ar and  annealed at 400°C, 650°C, 710°C, 750°C, 770°C, 790°C, 810°C,  850°C, 860°C, 870°C, 880°C and 900°C for 1 day each. Single   40 phase samples of τ 5 and τ 6 were prepared in a similar way. The second annealing temperature was 700 and 600 °C for τ 5 and τ 6 , respectively. The furnaces were calibrated with standard thermocouples and Sb (melting point = 631°C). Dc magnetic susceptibility measurements were performed with a 45 SQUID magnetometer for τ 5 and τ 6 from 2-300 K with various magnetic fields from 0.006 to 6 T on freely rotating single crystals with a total mass of 0.80 mg (individual crystals with a typical mass of 100 µg) and on sintered polycrystalline samples of about 20 mg. Ac susceptibility measurements were carried out 50 on sintered polycrystalline samples of about 200 mg with a Lakeshore 7000 ac susceptometer applying an ac-field with amplitude of 325A/m and a frequency of 100 Hz. Specific heat measurements were performed on a commercial Quantum Design PPMS calorimeter on a sintered τ 6 sample and on τ 5 single 55 crystals. Parts of a sintered sample of τ 5 were also used for resistivity and Seebeck coefficient measurements. Resistivity measurements were performed from 2-300 K in a home-made equipment using the ac bridge resistance technique, while the high temperature part (300-673 K) was measured simultaneously 60 with the Seebeck coefficient in a ZEM-3 ULVAC. The density functional theory (DFT) calculations were performed by using the Vienna ab initio simulation package (VASP) 17, 18 and applying the pseudopotential construction according to the projector-augmented-wave method. properties in terms of spin-polarization as it does for 3d transition metals. Assuming the experimental structure as starting point for all cases, the atomic positions as well as the unit cell parameters were fully relaxed. The Ge substitution was made according to Table 3 at the experimentally defined M1 sites. 
Results and Discussions
Binary boundary systems
The Zn-Si system (calculated) and the Ce-Zn system were accepted after Massalski 22 taking also into account a more recent investigation on the low temperature modification of αCe 2 Zn 17 90 (αCe 1-x Zn 5+2x ) with TbCu 7 -type. 23 For the Ce-Si system we rely on the version of Malik et al., 8 which essentially is based on the investigation by Bulanova et al. 24 but also includes further phases such as Ce 2 Si 3-x 25 and the high pressure phases CeSi 5 and Ce 2 Si 7 . 26 The La-Zn system was taken from the latest 95 experimental investigation by Berche et al. 27 with recent data on the crystal structure of LaZn 4 . 28 Detailed crystallographic data for unary and binary boundary phases are summarized in Table S1 (Supporting Information), those for ternary compounds are listed in Table 1 , respectively. 35.5 ). Details on crystal data along with ADPs are summarized in Table 2 . A Rietveld X-ray powder diffraction refinement confirms the structure model for τ 5 . Furthermore, lattice parameters, crystal symmetry, and Wyckoff positions proved that this compound is isotypic with the structure type of 15 CeNiSi 2 (see Figure 1) . Interatomic distances are given in Table S2 (Supporting Information). Comparing atom distances with the sum of atomic radii, direct bonding is neither revealed between M1-Zn3 nor for M2-M2. However, stronger bonding is inferred from the 20 distances among M1-M1, M1-M2 and M2-Zn3 atoms, particularly taking into account the Zn/Si random occupancy. At 600°C the phase τ 5 -CeZn(Zn 1-x Si x ) 2 exhibits a compositional range, 0.68≤x≤0.76, excluding any stoichiometric composition (for details see section 3.4). 25 Compounds with the CeNiSi 2 type are known in many Ce-T-Si systems (T = Fe to Cu, Rh, Ir, Pt, and Sn) and exist in both stoichiometric and non-stoichiometric forms. 11 30 The discussion on TbFe 0.5 Si 2 being a site exchange variant of the CeNiSi 2 -type has been solved from neutron diffraction data on HoFe 0.5 Si 2 , 31 which clearly revealed isotypism with the CeNiSi 2 -type. From the good correspondence of the composition refined 45 from X-ray data with the composition derived from EDX, we can safely conclude that the structure of τ 5 -CeZn(Zn 1-x Si x ) 2 does not contain any defect sites like HoFe 0.5 Si 2 . Table 2 . Unit cell parameters, crystal symmetry, and Wyckoff sites confirm isotypism with the ThCr 2 Si 2 structure type (see Figure 2 ).
Crystal structure of τ
60
The final structure formula, CeZn 2 (Si 1-x Zn x ) 2 with x=0.30, reveals one Zn/Si mixed atom site (M = 0.30Zn2 + 0.70 Si in 4e; 0,0,z), which in many cases provides close contacts among the tetrel elements (dumbbell formation). 32 The formula (Ce 20.1 Zn 51.8 Si 28.1 , in at.%) perfectly fits to the value derived from EDX: with anisotropic displacement parameters from X-ray single crystal refinement. 5 Interatomic distances are given in Table S2 (Supporting Information). As the M-site is mainly occupied by Si, distances M-M and M-Zn1 are much smaller than distances Zn1-Zn1. Taking into account the random occupancy Zn/Si in the 4e site, the M-M distance is smaller than the sum of radii 33 and is a good type revealing a slightly smaller ADP and thus requests the presence of an atom with a slightly higher scattering power. converged to R F = 0.0215 with a residual electron density less than 1.7 e/Å 3 . Detailed crystal data and atomic displacement parameters are summarized in Table 3 . The structure refinement essentially confirmed the data obtained by Suen et al. 9 but here for an even lower Ge-content. 15 Although EPM analyses in the La-Zn-Ge system prompted a phase with composition of La 23.3 Zn 71.6 Ge 5.1 (see Figure 3b) , attempts to grow a single crystal with this Ge content were unsuccessful. However, for lower Ge-contents a suitable single crystal could be obtained (see Figure 3a) . 
DFT phase stabilities
The enthalpy of formation ∆H DFT at T=0 K was derived from the DFT total energies tot DFT E as obtained from VASP according to:
As reference energies of the pure phases we defined:
, and
The DFT energies for the pure phases were calculated for solid nonmagnetic α-fcc-Ce and solid hcp-Zn. It was necessary to 40 adjust the reference energies by E adj (Ce) and E adj (Zn) for a direct comparison with the results of the thermodynamic modeling of Wang et al., 36 and experimental work by Chiotti et al. 37 and Johnson et al., 38 because of the choice of different reference ground states. Then the values for E adj were extracted by linearly 45 fitting the DFT results (column DFT in Table 4 ) to the thermodynamic modeling data (column "model") for the four given compounds, and by that E adj (Ce) = 27.87 and E adj (Zn) = 4.38 kJ mol -1 were obtained. The enthalpy of formation for Ce x (Ge,Zn) 1-x compounds was derived similarly to the procedure described above. As a reference, solid Ge was taken in its ground state in the diamond structure. Most noticeable for our study is the stability for the Ge- 30 doped compounds. Even for one Ge atom per formula unit, Ce 14 Zn 45 Ge 1 , ∆H DFT is below the tie-line connecting neighboring Zn-compounds. Here we assume, that in fact the ternary system can be approximately described as a binary one (see Figure 5 ). Why Ge stabilizes the compound is analyzed in the following 35 discussing the electronic structure in terms of the density of states (DOS). visibility, the local DOS for Ge is multiplied by a factor of 10.
DFT phase stabilities for Ce 7 Zn 23-x Ge x (Z=2).
Panel (a) of Figure 6 presents the total and atom projected local DOS for Ce 14 Zn 45 Ge 1 . The Fermi energy falls into a sharp uprise of the DOS, which clearly is attributed to the f-states of Ce. At 45 lower energies the DOS is a mixture of Zn and Ce states depending on the energy region. The Ge-DOS features in the range -2.7<E<-1eV indicate a more covalent bonding as compared to Zn, which is more pronounced in panel (b) of Figure  6 showing the local DOS per atom. There the Zn-like DOS is 50 more uniformly spread out in the energy region shown. The stabilization property of Ge-substitution can be understood by inspecting Figure 7 showing a reduction of the total DOS at Fermi energy when one Zn is replaced by Ge. This is mainly due to the reduction of the f-like DOS for Ce 14 14 Zn 45 Ge 1 ) indicating poor metals. Analyzing the Ce-f states it turns out that the magnetic moments break down upon Ge substitution, which is 60 responsible for the DOS reduction. The reduction is due to the destruction of the magnetic moment of Ce atoms in 2c position, because these states are predominant at the Fermi energy for spin polarized Ce 14 Zn 46 . They carry the largest magnetic moment of all Ce atoms and are therefore the most localized f-states with the largest uprise of all f-DOSes and therefore the largest value at Fermi energy. For Ce 14 Zn 46 the local f-moments are 0.27, 0.21, and 0 µ B for the 4-fold coordinated atoms, and 0.74 µ B for the Ce atoms in 2c position. The breakdown of the magnetic moment upon substitution indicates also a weaker localization and 5 consequently the DOS at Fermi energy is lowered: this leads to the reduction of the total DOS and indicates the thermodynamic stabilization of Ce 14 Zn 45 Ge 1 . Summarizing, the more pronounced covalent bonding between Ce and Ge seems to be the main factor for the stabilization. By substituting 4 Ge atoms the stabilization 10 with respect to the tie-line is considerably enhanced. 
Partial isothermal section at 600°C for less than 33.3 at%
15
Ce
The partial isothermal section at 600°C in the Ce-poor part of the ternary system Ce-Zn-Si was established from EPMA and X-ray powder diffraction of about 45 alloys (see Figure 8) . (Table 1 for details see Table 5 ). The Despite all these three-phase equilibrium triangles are narrow, we were able to prepare corresponding samples and to define by 55 EPMA the composition of the equilibrium phases involved. Figure 9 .
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Microstructures of selected three-phase equilibria are given in Figure 10 . Alloys in equilibrium with Si, which were prepared from CeSi x master alloys containing CeSi 2 , did not reach complete equilibrium even after re-powderization followed by hot pressing and/or long term annealing. Table 5 summarizes data on composition and lattice parameters of all phases coexisting in equilibrium at 600°C. The only uncertainty concerns the maximal solubility of Si in binary CeZn 2 . Our various attempts to prepare samples in the corresponding three-phase region τ 7 +CeZn 2 +τ 1 resulted in non- 30 equilibrium alloys with about 5 at. % Si in the CeZn 2 -phase. It is noteworthy that the phase triangulation in this part of the phase diagram at 600°C is different from that established at 800°C 8 and , and a U-type reaction (τ 2 +Ce(Zn 1-x Si x ) 2 ⇔ τ 1 +τ 7 ) in the temperature interval 600°C<T<800°C.
Formation of τ 5 and τ 6 and partial Schulz-Scheil diagram
Due to the high melting point of cerium silicides Ce(Si 1-x Zn x ) 2 15 and the high vapour pressure of Zn at elevated temperatures, it is difficult to obtain homogeneous cast alloys for the determination of the crystallization behaviour of alloys. On the other hand, the established isothermal section at 600°C shows that three-phase regions involved in equilibria with binary Ce-Zn compounds are 20 very narrow and our attempts to equilibrate the samples at higher temperature resulted in a significant change of the overall compositions. Filling the ampoules with argon slightly suppressed the Zn losses, but even in this case samples were heterogeneous, which at first did not allow us to reliably 25 determine the change in phase equilibria via annealing at different temperatures. This shift of the compositions during thermal treatment also hinders the interpretation of DTA. For instance, DTA measurements on single-phase τ 5 and τ 6 resulted in a sequence of several thermal effects that are difficult to reconcile 30 with the phase triangulation. Investigation of the specimens after DTA by SEM/EDX showed that samples became heterogeneous and contained regions with different phases (see Figure 11 ). Reliable temperatures for isothermal reactions were only obtained for wide three-phase regions: Ce(Si 1-x Zn x ) 2 +τ 5 +(Si), τ 5 +τ 6 +(Si), 35 τ 6 +CeZn 11 +(Si), CeZn 11 +(Zn)+(Si). The temperatures of invariant reactions that correspond to these fields were derived as follows: 727°C, 634°C, 561°C and 412°C, respectively. These four isothermal reaction temperatures were confirmed by DTA from the Zn-rich sample that contains τ 6 , (Si), and CeZn 11 (close to the 40 tie line (Si)+CeZn 11 ) (see Figure 12 ). After three DTA runs the sample contains additionally τ 5 , (Zn), and CeSi 2 , which suggests incongruent formation of both τ 5 and τ 6 . All invariant reactions determined are summarized in the Scheil reaction scheme in Figure 13 along with the partial isothermal 50 sections ( Figure 14) at temperatures between the thermal effects established by DTA. Selected microstructures of alloys are presented in Figure 15 and Figure 16 . Comparing the phase equilibria at 500°C (Figure 14a ) with those observed at 600°C (Figure 14b) we conclude on the existence of a transition type 55 reaction U 1 (561°C after DTA): L+τ 6 ⇔ CeZn 11 +(Si).
The characterization of sample Ce 5.9 Zn 59.8 Si 34.3 shows that τ 6 coexists in equilibrium with (Si) and L(Zn) at 600°C ( Figure  15a ), however after annealing at 650°C τ 6 was not observed in this sample, instead τ 5 enters the equilibrium with L(Zn) and Figure 16b ) and one of these phases has to be considered as nonequilibrium phase. Comparing this microstructure with the threephase structure (τ 5 , CeZn 11 and L(Zn)) obtained for this sample annealed at 750°C (Figure 16c ) we may safely conclude that τ 6 is the non-equilibrium phase that forms during quenching from 5 710°C. On the other hand, the same sample annealed at 690°C showed only 3 phases (τ 6 , CeZn 11 and L(Zn)). Based on these observations, the invariant reaction for the formation of τ 6 is supposed to occur in the temperature range between 690 and 700°C (see Figure 13 ). L+β-Ce 2 Zn 17 ⇔ τ 5 +CeZn 11 . The phase field L(Zn)+ τ 5 +CeZn 11 20 was still observed up to 770°C, while at 790°C it changed to L(Zn)+τ 5 +β-Ce 2 Zn 17 . Note that in some samples CeZn 11 and/or τ 6 were observed as the fourth or fifth phase. Based on the amount and morphology, those phases were considered to be formed during the quenching process. The stability of τ 5 at 800°C has been incorporated in the new isothermal section shown in Figure 17 . 15 of the overall sample composition it may earlier have led to a wrong conclusion regarding the stability of τ 5 . The results on the phase equilibria are consistent (i) with the single crystal growth experiments, which reveal a large crystallization field of the αThSi 2 -type phase Ce(Zn x Si 1-x ) 2 20 extending far into the Zn-rich corner (up to 95 at. % Zn), and consequently (ii) with a rather steep liquidus surface in the Znrich region, which infers a high degeneracy in the isothermal reactions involving the Zn-rich liquid. 2 Ac magnetic susceptibility measurements on a polycrystalline sample of τ 5 CeZn(Zn 0.32 Si 0.68 ) 2 revealed a δ-shape magnetic anomaly near T C ~5 K (see Figure 18 ) which is indicative of a ferromagnetic transition. Accordingly, we performed dc 30 magnetisation and dc susceptibility measurements on a few freely rotating, flux-grown single crystals of τ 5 (with a total mass of 0.8 mg). Field dependent isothermal (see Figure 19 ) as well as temperature dependent magnetisation (Figure 20 The ferromagnetic phase transition at T C ~4.4 K is corroborated by distinct anomalies of the specific heat and electrical resistivity in Figure 21 and Figure 22 , respectively. The analysis of the inverse dc magnetic susceptibility in terms of a modified Curie-Weiss fit, Figure 20 50 reveals an effective paramagnetic moment of Ce near 2.5 µ B which is close to the effective moment of free Ce 3+ (2.54 µ B ). The negative value of the paramagnetic Curie temperature of -10 K obtained from analysing the data of freely rotating crystals refers to Kondo correlations rather than to a specific type of magnetic 55 coupling (whether antiferro-or ferromagnetic).The relevance of Kondo correlations for τ 5 is further revealed by the temperature dependence of the electrical resistivity in Figure 22 , showing typical Kondo lattice features, and by the specific heat data in Figure 21 . The magnitude of the specific heat anomaly at T C of τ 5 -CeZn(Zn 0.29 Si 0.71 ) 2 single crystals is significantly reduced as compared to the value expected from a basic local moment meanfield approach. We thus analyse the temperature dependence and magnitude of the magnetic specific heat contribution in terms of a 5 simple model for a ferromagnetic Kondo lattice system based on the resonant level model by Schotte and Schotte. 39, 40 The details of this model calculations are explained e.g. in ref. 41 . The magnetic ground state properties of polycrystalline bulk samples of τ 6 CeZn 2 (Zn 0.28 Si 0.72 ) 2 were studied by means of 45 specific heat as well as dc and ac magnetic susceptibility measurements at temperatures down to 3 K. Within the experimental temperature range the τ 6 phase displays a CurieWeiss type paramagnetic behaviour as demonstrated by the dc magnetic susceptibility depicted in Figure 23 . A modified Curie-50 temperature independent Pauli component χ 0 = 1.0×10 -4 emu/mol, a paramagnetic Curie-Weiss temperature Θ p = -0. Figure 21 display an upturn at lowest temperatures, which may either refer to short range correlations above a magnetic phase transition taking place below 3K or refer to Kondo correlations with a 10 rather small characteristic energy of the order of one Kelvin. Consistent with the small Seebeck coefficient (see top left inset in Figure 22 ) electrical resistivity of τ 5 indicates metallic type behaviour ruling out any thermoelectrically interesting behaviour.
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As the Ce-Zn-Si system is an important part of multinary Mgbased Mg-Zn-Mn-RE-(Si) high strength lightweight alloys for automotive applications, we have explored the constitution of the Ce-Zn-Si subsystem and particularly have determined in this work the phase equilibria for the isothermal section at 600°C in 25 the region with <33.3 at.% Ce. Five ternary compounds (τ 1 , τ 2 , τ 5 to τ 7 ) exist at 600°C. Several four-phase reactions in the Zn rich corner were detected by DTA, including the peritectic decomposition temperatures of τ 5 and τ 6 at 865±5°C and 695±5°C, respectively. To provide details on the solidification of 30 Ce-poor alloys, a Schultz-Scheil diagram was constructed from DTA measurements and partial isothermal sections determined at various temperatures. The crystal structures of τ 5 (CeNiSi 2 -type, Cmcm, a= 0.42079(1), b= 1.765218(3), c= 0.41619(1) nm), and τ 6 (ThCr 2 Si 2 -type, I4/mmm, a=0.41757(1), c= 1.05073(2) nm) were 35 solved from X-ray single crystal diffraction data. An interesting case was met in the stabilization by extremely small amounts of Ge (less than ~2 atom percent of Ge) of the ternary phases {La,Ce} 7 Zn 21 (Zn 1-x Ge x ) 2 , both isotypic with the structure of Ce 7 Zn 21 (Zn 1-x Si x ) 2 . DFT calculations elucidated the extent and 40 nature of the stabilizing effect of Ge in Ce 7 Zn 23-x Ge x discussing the electronic structure in terms of the density of states (DOS) and determining enthalpies of formation for Ce 7 Zn 23-x Ge x (x=0, 0.5, 2) as well as for several neighbouring binary Ce-Zn phases. Physical property measurements document that neither τ 5 nor τ 6 45 are near a metal to insulator transition and thus exhibit rather metallic than semiconducting (thermoelectric) behaviour. Magnetic measurements as well as specific heat and electrical resistivity data reveal interesting ferromagnetic Kondo lattice behaviuor for τ 5 -CeZn(Zn x Si 1-x ) 2 with a Curie temperature T C = 50 4.4 K, whereas τ 6 displays Curie-Weiss type paramagnetic behavior down to 3 K. The effective paramagnetic moments of Ce obtained from Curie-Weiss fit of τ 5 (2.48 µ B ) and τ 6 (2.34 µ B ) suggest that the ground state of Ce-ions in these compounds is trivalent or close to 3+. 55 
